
www.nanomegas.com
1

Alan Robins
Director of Business Developement NanoMEGAS

PRECESSION ENHANCED ELECTRON   DIFFRACTION  
APPLICATIONS FOR TEM



www.nanomegas.com
2

Stavros Nicolopoulos
Thanos Galanis
Vrettos Stelliou
Spirros Pantaretos



www.nanomegas.com
3

PRECESSION ENHANCED ELECTRON   DIFFRACTION  
APPLICATIONS FOR TEM

Alanos Robinopolos
Director of Business Developement NanoMEGAS



www.nanomegas.com

➢ 500 PED  related publications

ELECTRON   DIFFRACTION   AND PIXELATED  DETECTORS
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Kinematical scattering

Electron  diffraction : Dynamical effects 
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Dynamical scattering

Electron  diffraction : Dynamical effects 

Courtesy  Dr. E.Mugnaioli  Univ of Sienna
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Vincent-Midgley Precession Method
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Orientation / phase mapping &  Direct Detection
Detectors
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➢ 180  installations  world-wide in TEM

ASTAR : EBSD type tool for TEM

ASTAR: TEM  Orientation  and  Phase  Mapping
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1 µm

Orientation map

Scan  sample 
area  

Orientation map

ASTAR : EBSD type tool for TEM

ASTAR : Automated Crystal Orientation Mapping
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correlation index = 585

Correlation index map

Diffraction  pattern 
( nanocrystalline cubic copper)

For a given ED pattern, the correlation index map is calculated for all possible template orientations
and plotted on a map that represents a portion of the stereographic projection (reduced to a double
standard triangle). That resulting map reveals the most probable orientation for every experimental
spot ED pattern ( in this case ED pattern is found to be close to 110 ZA orientation )

100
110

111

Identification example :  nanocrystalline Cu
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Multi-twinned gold particles  (JEOL  ARM 200) 

Virtual Bright-Field Orientation + Reliability DP cross-correlation

ASTAR :  1 nm  spatial  resolution orientation  map

ASTAR : EBSD type tool for TEM
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ASTAR 

From

1 nm
to

500 nm

Jeol 2100 FEG-ASTAR

Seoul Nat University

Courtesy Yong -Hwa Oh
Muriel  Veron Grenoble INP 

Sample of Cu grains
of  different sizes

ASTAR :  Spatial Resolution
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ARM 200 FEG 
Double Cs

ARM 300 
Double Cs

TITAN  LOW  Base

TITAN   HIGH  Base

NanoMEGAS - TEM  Cs  corr / high end microscopes

F200TALOS

HF5000

>    400  PED   related
articles  in 12  years

>  180  installations  worldwide

http://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi_7avT6sTRAhVEOhoKHbcUA0YQjRwIBw&url=http://lma.unizar.es/es/servicios-tarifas/area-de-microscopia-electronica-de-transmision-tem/titan-high-base-for-high-resolution-imaging-fei-titan3/&psig=AFQjCNHqXyfAcDSK__piAaSeZoAEGhTkgA&ust=1484593163937319
http://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj_hOLR6cTRAhWKhRoKHTqqAkkQjRwIBw&url=http://www.purdue.edu/discoverypark/birck/facilities/equipment/Characterization/Microscopy/Electron-Microscopy/Titan%2080-300%20kV.html&psig=AFQjCNFI2RKfOlEsiVe8mrIRer_-TaQESw&ust=1484592868260042
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Comparison  Stingray  AVT  with  EMSIS camera   support 
at 35 mm port  of JEOL 2010F 
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ASTAR  and  Direct Detection Medipix III

ASTAR –Topspin
Medipix III  Merlin

Glascow University UK

Presenter
Presentation Notes
Hi Stavros, Attached is a screenshot showing the Merlin in the Topspin camera selector user interface at the left.  I created this with some software tricks using the Topspin simulator, but the image shown was acquired from the Merlin detector on our last trip to Glasgow.  Just so you know, the camera selector is only shown in Topspin when more than one camera is configured, typically when there is a slower in-column camera, such as the Gatan Orius for the PED series acquisition (ASTAR/Strain), and a fast camera such as the Stingray is needed for alignments and collecting STEM reference images.  In the case of Merlin cameras, there would typically be only the Merlin detector configured, since this detector is fast enough for alignments and collecting the STEM reference image.  So in Glasgow and probably for other Merlin system, the camera selector would not be presented in the Topspin user interface. Cheers, Doug
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ASTAR  and  Direct Detection Medipix III
Ian McLarren et al  Submitted for publication
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ASTAR : IN SITU  EXPERIMENTS
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Courtesy Dr. Christian Kübel KIT  Germany

Protochips Aduro Device and Heating holder

 Fast heating rates ~106 K/s

 Stable

ASTAR - in  situ  HEATING  of nc Pd
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Aaron Kobler, Krishna Kanth Neelisetty, Kiran Chakravadhanula, 
Christian Kübel, unpublished results

ASTAR - in  situ  HEATING  of nc Pd
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3D DIFFRACTION  TOMOGRAPHY AND 
PIXELATED  DETECTORS
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3D Diffraction  Tomography 
TEM  Precession  Electron  Diffraction
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Why  use  electrons?

HREM image and Electron diffraction can be taken from areas as
small as 50 nm ; Synchrotron smallest beam size 1-4 µ

The inset shows two crystals suitable for X-ray diffraction and ED ; Purple ellipse
represents the 10 × 4 µm beam of the microfocus X-ray diffraction beamline at ESRF; the
yellow dot is four times larger than the diameter of the TEM nanobeam (Lanza et al (2019).
IUCrJ, 6, 178-188) X-Ray peaks broaden with 

crystals of nm range

24
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Electron diffraction acquisition

1° Tilt 
(total +- 60°)

Crystal tracking

3D  TEM diffraction 
tomography :  

3D   reconstruction 
of  reciprocal 

space

500 nm

3D  Diffraction Tomography

✓ complete or almost complete diffraction data to extract unit cell and  crystal symmetry

✓ conceptually simple,  data can be taken with any CCD  camera 

✓ solution of structures by direct methods  or simulated  annealing

R close to  15-35 %   :  reveal   all  3D  atomic positions  with  5-30  pm  precision  !

Kolb et al  Ultramicroscopy (2007)

25
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> 300 structures solved with  Electron Diffraction  (2004 - 2019)
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3D  diffraction  tomography  of  
Carbamazepine pharmaceutical   crystal

www.nanomegas.com

200 nm 

Low dose  with  Timepix < 0.013 e-/ Å2 /sec

Diffraction tomography in continuous mode at RT 

NO  CRYO  USED 
Collection time  < 3 min

27
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-54 o to +33 o

-40 o to +35 o

-20 o  to +38 o

API used for  autosomal dominant polycystic 
kidney disease (ADPKD)

Diffraction tomography in stepwise 
mode at LT 

TOLVAPTAN  API

28

Electron Diffraction 
Obtained Unit Cell and SPG

a = 7.56 Å
b = 38.07 Å
c = 8.61 Å
β = 108.86ο

V=2345.02 Å3

SPG: P21/n

Single Crystal X-Ray  structure

a = 7.627(1) Å
b = 38.007(4) Å
c = 8.5629(12) Å

β = 108.118(15)ο
V=2359.16 Å3

SPG: P21/n
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PROTEIN  CRYSTAL STRUCTURE - PRECESSION DIFFRACTION  TOMOGRAPHY



www.nanomegas.com

THANK   YOU  !!!

Stavros Nicolopoulos
Alan  Robins (NM)
Daniel  Bultreys (NM)

Joaquim Portillo (NM)
Partha Das  (NM)
Alex Gomez (NM)
Thanos Galanis (NM)
Vrettos Stelliou (NM)

Edgar  Rauch (CNRS)
Muriel  Veron (CNRS) 
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